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The  design  and  details  for  construction  of  a  profile  meter  for  meas- 
uring surface  relief  of  streambeds  are  presented.  Data  were  collected 
to  provide  estimates  of  sampling  adequacy.  The  instrument  and  the 
technique  described  permit  quantitative  determination  of  streambed 
features.  A  potential  exists  for  its  use  in  fish  microhabitat  assessment 
and  in  vegetation  sampling. 
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Management  Implications 

Of  the  various  measurement  techniques  that  have 
been  used  to  date  to  describe  streambottom  composi- 
tion, line  intercept  transects  have  been  most  commonly 
used.  These,  how^ever,  are  prone  to  error  and  bias 
because  of  eddying  and  current  flow  effects  on  the  tape 
or  ruler.  An  alternative  method,  point  sampling,  was 
adapted  in  the  development  of  the  profile  meter.  In  con- 
trast to  most  other  instruments  that  have  been  devised 
to  obtain  profile  measurements,  which  are  expensive, 
bulky,  and  require  an  electrical  power  source,  the  pro- 
file meter  is  inexpensive  and  easily  portable.  Specific 
criteria  met  in  its  development  include  the  following: 
capability  of  yielding  objective  and  unbiased  estimates, 
capability  for  replicate  samples,  low  weight  and  lack  of 
bulkiness  for  ease  in  backpacking  to  remote  sites,  adapt- 
ability to  linear  and  area  measurements  for  anisotropic 
descriptions,  and  sensitivity  equal  to  ±  2  mm  (the  size  of 
the  smallest  particle  used  by  Hynes  1972]. 

'The  author  acknowledges  John  N.  Rinne,  Research  Fishery 
Biologist,  Research  Work  Unit  at  Tempe,  for  his  contribution  to 
design  and  application. 

^ Range  Scientist,  Rocky  Mountain  Forest  and  Range  Experiment 
Station,  Research  Work  Unit  at  Tempe,  in  cooperation  with  Arizona 
State  University.  Station  headquarters  is  in  Fort  Collins,  in  coopera- 
tion with  Colorado  State  University. 


Introduction 

Surface  relief  measurements  of  agricultural  areas, 
rangelands,  and  streambed  channels  have  been  used  to 
determine  profile  characteristics  for  relating  physical 
"roughness"  to  such  features  as  tillage  effectiveness 
(Kuipers  1957],  soil  movement  (Curtis  and  Cole  1972],  or 
hydraulic  roughness  (Heerman  et  al.  1969).  The  physical 
nature  of  substrate  material  found  on  streambottoms  is 
of  great  biological  significance  to  fish  populations  (Cum- 
mins 1966).  The  sizes  and  kinds  of  material  determine 
the  types  of  habitats  available.  Various  measurement 
techniques  have  been  used  to  describe  streambottom 
composition  (Herrington  and  Dunham  1967,  Cooper 
1976,  Duff  and  Cooper  1976). 

An  alternative  to  the  line  intercept  transects  used 
most  frequently  is  point  sampling.  In  work  on  vegetation, 
point  sampling  has  been  judged  to  possess  many  desir- 
able features  (Hutchings  and  Pase  1963):  it  is  objective; 
yields  accurate,  unbiased  estimates  of  cover;  and  can  be 
randomized  and  replicated  to  provide  desired  precision. 
The  idea  for  the  profile  meter  (fig.  1]  was  adapted  from 
the  point  method  described  by  Levy  and  Madden  (1933) 
and  the  various  approaches  by  researchers  to  estimate 
surface  relief  (Podmore  and  Huggins  1981). 
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Use  of  the  profile  meter  entails  obtaining  point 
samples  along  an  established  transect  line  by  lowering 
an  incremental  rod  to  the  streambottom  (fig.  2).  The 
nature  of  the  substrate  and  the  height  from  the  sub- 
strate material  to  the  profile  meter  are  recorded.  Addi- 
tional measurements  are  made  at  desired  horizontal 
spacings.  The  result  is  an  estimate  of  streambottom  com- 
position and  a  streambed  profile. 

Design  and  Assembly 

The  following  is  a  complete  list  of  all  materials  needed 
to  construct  the  meter: 


Item  Quantity 

Aluminum  block,  1  inch  x  1-1/2  inches 

X  2-1/2  inches  1 

Aluminum  rod,  1/2  inch  x  54  inches  1 

Brass  rod,  3/16  inch  x  29-1/2  inches  1 
Precision  circular  level,  1  to  1-1/2 

inches  x  5/8  inch  1 

Stainless  steel  ruler,  5.1  inches  1 

Socket  head  screw,  1/4-20  x  1  inch  1 

Socket  head  screw,  1/4-20  x  1-1/2  inch  1 
Flat  head  machine  screws,  4-40  x  1/4 

inch  3 
Round  head  machine  screws,  2-56  x 

1/4  inch  3 
Steel  bars,  cold  rolled,  1/2  inch  x 

3^  feet  2 

Clamp  holders  (laboratory  type)  2 
Compression  spring,  3/16  inch  x  3/4 

inch  1 

Ball  bearing,  3/16  inch  1 
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Figure  1.— Closeup  view  of  the  profile  meter. 


Figure  2.— Illustration  of  the  profile  meter  set  up  to  point-sample 
substrate  material. 


Equipment  required  includes  a  drill  press  and  lathe.  In 
addition  to  the  obvious  hand  tools,  a  lathe  tool  bit  wdth  a 
30°  or  60°  point  is  the  only  special  tool  needed. 

Step  1.— DrUl  a  1/2-inch  hole  through  the  longitudinal 
center  of  the  aluminum  block  at  location  A  (fig.  3). 

Step  2.— Drill  two  adjacent  1/4-inch  holes  down  to  the 
bore  (above)  at  locations  B  and  C.  Center  the  holes  over 
the  bore  to  provide  a  viewing  and  alinement  guide  for 
determining  exact  horizontal  positions  on  the  crossbar. 

Step  3.— Drill  a  3/16-inch  hole  through  the  block  at 
location  D.  Care  must  be  taken  to  drill  as  perpendicular 
to  the  block  as  possible. 

Step  4,— Drill  and  tap  two  holes  for  1/4-inch  -  20 
screws  at  locations  E  and  F.  Drill  the  bore  for  screw  E 
perpendicular  (2  inches  deep)  to  the  bore  at  location  D. 
Only  1  inch  of  threads  is  needed.  Drill  the  bore  for  screw 
F  perpendicular  to  and  centered  over  the  bore  of  Step  1. 

Step  5.— Drill  six  holes  3/16-inch  deep  using  a  No.  43 
drill  and  tap  for  4-40  threads  at  locations  G  through  L. 
The  circular  level  is  fastened  at  locations  G,  H,  and  I. 
Secure  the  ruler  to  the  block  at  locations  J,  K,  and  L  with 
4A0  X  1/4-inch  machine  screws.  Allow  an  exact  10  cm  of 
ruler  above  the  block,  making  certain  that  the  ruler  is 
also  centered  behind  the  3/16-inch  hole  at  location  D. 

Step  6.— Using  a  30°  or  60°  tool  bit,  chamfer  the 
aluminum  rod  into  100  1-cm  divisions.  Allow  about  7  to  8 
inches  of  untooled  area  at  each  end.  A  0.02-inch  deep 
groove  is  adequate  for  centimeter  divisions,  but  5-cm 
divisions  are  best  recognized  if  chamfered  deeper  and 
wider  (0.06  to  0.08  inch).  Five-  and  10-cm  divisions  can 
be  color-coded  for  distinction. 

Step  7.— Chamfer  the  3/16-inch  brass  rod  into  1-cm 
divisions  in  the  same  way  as  described  above. 

Step  8.— Grind  to  a  round  point  one  end  of  each  steel 
bar. 

The  instrument  is  assembled  by  inserting  (1)  the 
1/2-inch  aluminum  rod  through  the  block  at  location  A, 
(2)  the  3/16-inch  brass  rod  at  location  D,  (3)  the  ball  bear- 
ing, spring,  and  1/4-20  x  1-1/2-inch  screw,  respectively, 
at  location  E.  The  latter  applies  pressure  to  the  brass  rod 
by  turning  in  on  the  screw,  thereby  preventing  the  rod 
from  slipping.  Screw  F  functions  as  a  set  screw  to  se- 
cure the  block  to  the  crossbar. 
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Figure  3. — Design  and  construction  diagram  of  the  aluminum  instrument  blocic,  illustrating  the 
various  locations  for  drilling,  tapping,  or  attachment. 


The  profile  meter  is  set  up  in  the  field  by  using  a  ham- 
mer to  drive  the  steel  bars  into  the  soil  about  1.3  m 
apart.  The  crossbar  is  positioned,  clamped  to  the  steel 
bars,  and  leveled.  The  brass  rod  is  lowered  from  a  zero 
point  until  the  rod  touches  the  substrate's  surface. 
Height  measurements  are  determined  by  referencing  an 
increment  mark  on  the  rod  to  a  division  on  the  ruler.  The 
amount  of  vertical  displacement  is  recorded  as  the 
height.  The  class  of  substrate  (sand,  gravel,  etc.)  is  noted 
for  each  measurement.  Additional  measurements  are 
taken  at  selected  horizontal  increments.  Lead-weighted 
support  bars  or  laboratory  ring  stands  can  be  used  in 
place  of  steel  bars  whenever  soil  penetration  is  difficult. 
Permanent  ground  stakes  can  also  be  used  when  repeat 
measurements  are  needed. 

Methods 

Data  were  collected  from  a  section  of  dry  river  bed  on 
the  Salt  River,  Tempe,  Ariz.,  for  the  purpose  of  testing 


the  technique  and  obtaining  estimates  of  sample  size. 
Ten  1-m-long  profile  transects  were  installed  in  conjunc- 
tion with  10  line  transects.  Transect  lines  were  super- 
imposed to  obtain  one-to-one  relationships  between 
point  and  continuous  data.  Five  classes  of  substrates, 
adapted  from  Hynes  (1972),  were  used  to  classify  all 
substrates:  (1)  sand,  0  to  2  mm;  (2)  gravel,  2.1  to  16  mm; 
(3)  pebble,  16.1  to  64  mm;  (4)  cobble,  64.1  to  256  mm;  and 
(5)  boulder,  256+  mm. 

Line  transect  data  (population)  were  compared  to 
three  sets  of  point  data:  (1)  every  1  cm,  n  =  100;  (2)  every 
5  cm,  n  =  20;  and  (3)  every  10  cm,  n  =  10,  to  detect  differ- 
ences in  the  frequency  distributions  of  the  substrate 
classes  from  each  set.  Sample  sizes  were  estimated  us: 
ing  the  distribution  for  three  precision  levels  and  five 
significance  levels  (table  1). 

Length  of  time  required  to  install  and  run  each  line 
and  point  transect  was  recorded.  The  two  observers 
were  familiar  with  the  line  transect  procedures  but  not 
vdth  point  transects. 
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Table  1.— Sample  number  of  individual  points  required  to  estimate 
mean  depth  (mm)  at  specified  sample  intervals  w/ith  significance 
levels  {a)  and  three  precisions  levels  (d)' 


Precision   Alpha  (a) 


level 
(d) 

0.01 

0.05  0.10 

0.15 

0.20 

Puprv  r'pntimptpr 
tvci  y  oci  lui  1  icici 

01 

2,452 

1,419  1,000 

792 

607 

05 

1,727 

1 ,000  704 

558 

428 

10 

1,000 

579  408 

323 

248 

Every  5  centimeters 

01 

490 

284  200 

158 

121 

05 

345 

200  141 

112 

86 

10 

200 

116  82 

65 

50 

Every  10  centimeters 

01 

251 

143  100 

79 

60 

05 

175 

100  70 

55 

42 

10 

100 

57  40 

31 

24 

'Sample  sizes  are  estimated  using  Prob  (1--Y1>d)  =  a,  where  - 
and  Y1  are  the  sample  and  population  mean,  respectively. 

Results 


No  significant  differences  in  frequency  distribution  of 
substrate  classes  were  detected  between  continuous 
(line  intercept)  and  point  samples  taken  every  1  cm  or 
every  5  cm.  A  significant  difference  (a  =  0.05)  was  ob- 
served for  substrate  class  2  when  point  samples  were 
taken  every  10  cm.  Sampling  at  intervals  of  10  cm  re- 
sulted in  nonrepresentation  of  substrate  class  1  in  half 
of  the  transects,  and  of  class  2  in  two  transects.  Sam- 
pling at  intervals  of  5  cm  resulted  in  nonrepresentation 
of  substrate  class  1  in  two  transects  and  substrate  class 
2  in  one  transect.  All  substrate  classes  were  repre- 
sented sampling  every  centimeter. 

Sample  sizes  required  for  given  significance  and  pre- 
cision levels  are  given  in  table  1.  Depth  measurements 
were  used  to  derive  the  estimates.  In  all  cases,  sampling 
intensity  was  adequate  to  estimate  mean  depth  within 
the  desired  significance  level  [a  =  0.05)  and  a  confidence 
interval  wadth  ±  0.05  cm.  Sample  sizes  can  be  estimated 
from  table  1  by  stipulating  three  criteria:  (1)  the  sample 
interval  (i.e.,  1  cm,  5  cm,  or  10  cm);  (2)  the  significance 
level  (a);  and  (3)  the  degree  of  precision  required  (d).  The 
sample  size  for  a  situation  with  sample  interval  of  5  cm, 
significance  level  of  90%,  and  precision  level  of  90%, 
would  be  82  individual  points  or  about  4  transects. 

The  sampling  intensity  as  described  by  the  interval 
and  total  number  of  points  is  a  question  of  substrate 
size,  variability  of  substrate  shape,  and  objective  of  the 
analysis.  Preliminary  indications  are  that  sampling  at 
intervals  greater  than  5  cm  using  the  suggested  sub- 
strate classes,  would  result  in  biased  representation  of 
larger  substrates.  The  absolute  values  obtained  from 
the  measurements  have  little  meaning  in  themselves,  but 
differences  from  one  transect  to  another  give  a  measure 
of  horizontal  cover  afforded  by  the  substrate  types. 

The  time  requited  to  install  and  run  10  line  transects 
averaged  5.5  minutes  per  transect  as  compared  to  30.3 
minutes  for  point  transects  of  100  observations. 
However,  a  57%  to  70%  reduction  in  time  for  point 
transects  occurred  as  each  observer  gained  experience. 


The  longest  time  was  70  minutes  and  the  shortest  was  13 
minutes  for  point  transects;  but,  most  of  the  time  allo- 
cated to  use  of  the  profile  meter  was  spent  setting  up, 
not  sampling. 

Discussion 

The  point  sampling  methodology  employed  with  the 
profile  meter  has  certain  advantages  over  line  intercept 
or  ocular  transects.  First,  point  samples  allow  physical 
contact  with  each  substrate  type.  Line  transects  are 
commonly  established  by  stretching  tape  measures 
across  the  stream  or  placing  a  metal  ruler  on  the  bottom. 
The  irregularity  of  the  streambed  profile  does  not  per- 
mit accurate  determination  of  substrate  type,  partic- 
ularly sands  and  small  gravels,  using  the  tape  measure 
or  ruler.  Also,  the  eddying  and  current  flow  underneath 
a  ruler  result  in  sand  and  small  gravel  materials  being 
transported  downstream  before  they  are  detected  and 
recorded.  Point  sampling  as  applied  in  vegetation 
analysis  has  been  determined  to  be  objective,  essentially 
unbiased  and  capable  of  being  randomized  and  repli- 
cated to  provide  desired  precision,  and  it  does  not  inter- 
fere wath  the  vegetal  cover  (Goodall  1952,  Hutchings  and 
Pase  1963).  Also,  point  sampling  as  used  here  would  per- 
mit quantitative  determination  of  streambed  cover 
(horizontal  components)  and  substrate  composition. 

Second,  the  technique  yields  a  two-dimensional  pro- 
file of  the  streambed  (fig.  4).  This  is  obtained  from  the 
differences  in  height  from  the  top  surface  of  a  substrate 
type  to  the  water  surface  or  the  profile  meter.  By  defini- 
tion of  a  substrate  type,  three  dimensions  are  implied.  A 
combination  of  depth  and  substrate  measurements  over 
an  area,  yields  data  that  may  be  graphically  displayed 
in  three-dimensional  plots  using  commercially  available 
computer  software.  This  form  of  visual  analysis  aids  the 
researcher  in  interpreting  the  dynamics  or  "roughness" 
of  the  particular  site. 

In  speed  of  application,  this  technique  is  slower  than 
line  intercept  because  of  the  time  spent  in  setting  up. 
With  experience,  a  1-m  transect,  with  point  samples 
every  5-cm,  can  be  completed  in  less  than  10  minutes. 
The  objectives  should  determine  which  technique  is  best 
suited. 

A  constraint  of  the  technique  is  that  care  must  be 
taken  in  setting  up  so  as  not  to  disturb  the  area  to  be 
sampled.  In  some  cases,  particle  sorting  can  be  devel- 
oped from  the  pounding  of  the  steel  bars  into  the  bed, 
particularly  in  shallow  streambeds  wdth  bedrock  at  or 
near  the  bed  surface.  In  such  instances,  laboratory 
stands  work  quite  well. 

The  technique  is  best  suited  for  wadable  streams  or 
small  rivers  with  low  flow  regimes.  It  would  be  too  diffi- 
cult to  install  and  read  a  transect  in  deep  pools  (>  3.5  feet) 
or  high  water  velocity. 

The  potential  for  use  of  the  profile  meter  as  a  tool  in 
microhabitat  assessment  of  fishes  is  under  investigation 
at  this  time.  The  instrument  is  easily  adapted  for  attach- 
ment to  a  magnetic  flowmeter.  Water  velocity/depth 
ratios  can  be  determined  for  each  sample  point  by  tak- 
ing velocity  measurements  simultaneously  with  depth 
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Figure  4. — Profile  diagram  of  transect  No.  6.  Depths  are  relative  to  the  reference  line  or  profile 
meter.  Substrate  classes  are  indicated  at  the  bottom. 


measurements.  Water  types  can  then  be  defined,  as  in 
Oswood  and  Barber  (1982),  thus  eUminating  the  need  for 
subjective  habitat  terms  (i.e.,  riffle,  pool).  Habitat  selec- 
tion, "preferred"  versus  "nonpreferred,"  as  influenced 
by  substrate  types  and  other  hydraulic  factors  could  be 
closely  examined.  This  type  of  data  could  be  analyzed  by 
use  of  such  computer  programs  as  PHABSIM  (Bovee 
1982),  a  modeling  approach  to  habitat  analysis. 
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U.S.  Department  of  Agriculture 
Forest  Service 

Rocky  Mountain  Forest  and 
Range  Experiment  Station 


The  Rocky  Mountain  Station  is  one  of  eight 
regional  experiment  stations,  plus  the  Forest 
Products  Laboratory  and  the  Washington  Office 
Staff,  that  make  up  the  Forest  Service  research 
organization. 

RESEARCH  FOCUS 

Research  programs  at  the  Rocky  Mountain 
Station  are  coordinated  with  area  universities  and 
with  other  institutions.  Many  studies  are 
conducted  on  a  cooperative  basis  to  accelerate 
solutions  to  problems  involving  range,  water, 
wildlife  and  fish  habitat,  human  and  community 
development,  timber,  recreation,  protection,  and 
multiresource  evaluation. 

RESEARCH  LOCATIONS 

Research  Work  Units  of  the  Rocky  Mountain 
Station  are  operated  in  cooperation  with 
universities  in  the  following  cities: 


Albuquerque,  New  Mexico 

Flagstaff,  Arizona 

Fort  Collins,  Colorado* 

Laramie,  Wyoming 

Lincoln,  Nebraska 

Rapid  City,  South  Dakota 

Tempc,  Arizona 


•Station  Headquarters:  240  W.  Prospect  St.,  Fort  Collins,  CO  80526 


